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^T^o\] Tci-^i^, -i-^^ ^^fli- >y^^>ji:£ ^#^>^1 ^^^^ ^ 
sijz. ^^fl^ ^is^^ ^^># 1^^^^^^ -^^^^1^ ^ siji, ^ -i-^ 

# ^ ^ si-^:^^. ^^^1^ ^^"i^ ^^ol 

1 



32-3 



^^^l{Flat Plate Heat Transferring Apparatus} 

^ ^^^l^Hofl ^^s]^ 1^^^ ^ "U^s] ym^tl- o^l^l^l-^ 

^oiD^, ^#^>^ "^^^ ^Mltl ^ ^^^^ olsflA]?!^ 

^ol:^^, ^ "U^^ aH-i*]- ^l^fl^ A>%^^1^> *]-^s]o| efl^E]o} 

^ "^^^ ^ A] oil oil 2^11 ol^l y^*>^ til 

olojvl- Till4^ tllolojoil ^y^il^l-^ oflni-ol S^^^ :£i3oli^. 

^AHHl Tcl-^ ^y] nll^ ellolojollAl nll^ S}o]o] ^^l-^oll ^ 
ojn-qio] 05^^ :£^lt> :£i3oluq-. 

^1 i^^l :£9^ ^ ^^^^ ^^lo^joll icl-^ ^^^1^ Al-xl:£^oli:q-. 

^10 ufl^i :£i2^ ^ "U^^ ^AHHi Tci-^ 71101:^01 T^i-^:£#oli^. 
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<12> 2]^^ ^^t-iM- PDA^ ^^l-^^-y]^ JZ^^Sl- ^^^^^ 371 

^^>*M1 ^1^. ZL'^^^ y]^^ ^^fl^ ^# i^^l 
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^-^^ o]oW ^^o] ^o]]A-] -^^IslTll Slu^ 

<15> (10)71- ^^(20)5Z} ^1:^.^^(30) Al-ololl ^7^1^ 

<16> ^^^\^, ^1-^1(10)^ Lfl-a.(40)ofl ^TiW7\ #^^ol 

Si^ ?flol:^:(50)^ ol^ol^l^. ZL'^JL ^7] ?11 o] (50) °1 vfli^^l^ ^^fl 

S^^y ^l7l-l^#-# ^il^*l-7l ^crfl ^^^^^l(wick structure) (60)7]- ^ ^ 

<17> A>7l ^^(20)011^1 1^1-^5^ ^€(20)3lf ^^\JL S^X^ ^^"^ ^'"^l (10) 

Vf\:^2] ^^^^fl(60)^ ^^^1^. a^-i^S ^^(20)^ ^ ^>«o^ ^^^^ ^^^^^1(60)C 
^T]fl 7l5]-:^'^ 7l^t>rq-)oil *]-^^ls1ol oiig ^T^fl^ 7l2l-^cH vfl:^ (40) # #5fl 

A>«J-^^ ^-^V^ ^, ^IH^^OO) ^ ^>«ol- ^^^^ ^^^^^1(60) C^Bfl -i-^^'^ 71 
^^>i^)ollx-1 ^# «J-#n>JZ -g-^^tt. -g-^^ ^T^fl^ ^^^^fl (60)011 :^ S.^ 

^^ow Tz\A] 7isi-^^ m^^\n ^€(2o)°i ^^)\°] 7i5i-^:£ 
^s.^ i^^i 7isi-*>o^ n^, -g-^ m m^^\~ i^>^*Mi ^1^. ^^11^ 

-g-^ xl «J-#sl ^1H^3(30)^ ^^5lD^. ^(70) oil oltl ^oMltfl^^J-^^^ ^ 

<18> A>7l ^^1^ ^>^1 (10)^ ^ol7l ^511^^^ Al7> ^ 
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-g-^sl i5T]fl7l- 7\^^^ ^€(20) ^^J-^^ -^§^1- ^ Si^ a-i5lc>| 

<i9> a^ltil #2fl^ ^i^^l (10)011 oioiAi^ ^T]fl7i- 71S1- -i-^^ 

S^^ol ^^(20) ^lH^3(30)if i3t> ?flol:i(50)^ o}^ S^S^^liJ} 

^*>^7l Tifl^oll, ^T]fl°l 7l5l- -§-^# ^ Si^^ ^ioll *>^l7l- Sit+. 

<20> :^^> #5fl^ ^>^l(10)ofl olol^-l^ -g-^^ ^^fl^ ?flol:i(50)°^ 

-§-^=1 ^^fl7> -n-^m ^ SJ^ -^^^ ?11ol:i(50)^ 

<21> Ololl icl-el-. ofl^:]l o.^^ jg.^^ o.^ ^Tiflol -^^71 #71-^^1- 7] S]- ^ 

^11^ -n-^7lel°l ^Ufloll ii:^>D^ , 3 ^IZf -g-^^ ^Bfl^ S]=f1 -^l^Vol 7lsl-^ ^T3fl^ 
^l^>itq- ^y-cfl^^^ ^711 o]9\ y^o] ^Bflo^ 7l2l- 

^T]flo] a^AV A>olo11 ^ Al7l-^l-7> ^^fl*>T3 ^ ^1^> ^ ^31^ 

^^fl^ -^^ol ^>ol-^l7ll 51 JZ, ololl TCl-Sl- ^1--^!^ ^-1^1- 

<22> ICl-Sl-XH ^ ^^^^ -^>^*> #Sfl7l#°l 5fl:i^l-7l ^^I-Ol %>o>^ 

^^ , ^i:flSl-^>7l ^n>ol -g-^ i^Tjflo^ -^^7l£l# 
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^1-^1^ ^1^ s^llolol ^tai-^^l:# ^t]-^!-^ ^^^^ 

^1 ^il^t>i^. ym^^Ml, ^1-^1 ^1^ ^llojo^^ ^^o] 0.19 i^^l O.SmmOl iifl^ 

ifoloj^ ^^^JZ 1311^^71- 10 ojAV 60 ol^>oi nll^olu}. 

<25> A>7l Tlll^ Sllolol^ '>fl^> ^T]flo^ 7l2l- "^"A^ Sl^H^^ofl^^ 

oflA> l^T]flo^ ^il^?]-!^. ym^^Ml, ^1^ tllol^H^ ^^O] 

0.03 ojAV 0.13mm ol^j-o] n^j^^^ Vfojoj^ , ^14H^7> 80 o] ^> 4000] ^j-o] ^ 

<2e> A>7i nii^ siioif>|5} ^>7i T^]^ ^floi^i^ ^^i-:^^ iai^^ ^^ 
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<27> A>7l i]]0]0] ^^n] ^ O^l^, 

<28> A>7l Dll^ ^llolol ^^i-^^l t}:^o\]A\ -y-^^ ^1 

^ ^llolfH, ^1^ ^llolfH. ^1^ ^flol^H ^ ^1^ ^flol^H 
<29> 4>7i mi^ tilolol ^ta^-^^l o^l^, n^M, 2# 

<30> A>7l nll^ Sllojol TZ}^ o^l^. ^1-13 ^H, 2^ 

<3i> ^>7i ^ilolrfh^ #siT>i, #siT>|7i- 

^-T-, ^^^1 ^5fl§i^>o] Si^ ^ol ?11ol:^:^ 13 # ^ol am 

<32> A>7l ^O]^ Lflofl ^ols]^ ^Hfl^ oMfl^, 

^>S.MoK CFCT^l ^TJfl, HCFCT^l ^dH, HFC^l ^T]fl oj^o^ ^tJ-^ufl^ ^ SX"^ . 
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1- ^^loil ^il^ei-^ ^1^ silolf>l^> ^1^^ ^^1- ^1-^1^ 
<35> oj^l- ^^^^ ^ y>^^^ ^-^lo^ll- ^^^]^] ^^^Pl^ 

u}. o]o\] ov^-l, ^ ^ ^^i^^ofl -g-olL+ i^ol^ ^>y-^ol7lL+ 

^ ^*fl -g-O^o] 7fl^# -^ Sil^^ OIZV^^ 

^ ^^fl^Hoii 7i^flsi ^ A] 0^15} ^^o\\ ^ ^^^^ y\^^ ym^*]- ^ ^ 

X] oil oil 1-^^^ ^olJi ^ ^^^^ ^>^l-# T^^^l-^ Ol-M^^, ^ % 

3X^A tfl^:il*> ol^ i^oj^v ^^§-#1^- i^^o^l^ol ol^ - ol^^ 
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<36> ^^S] U]-^^^ ^ A] Oil Oil ^^^1 ClOO)^ :£2ofl B}S!} 

(130), m ^lol:i(130) Lfl-^ofl ^>oisl u+^o] Till^H o] ^ ofl^ o] 

f>l (140)1- a?]-t>l^. ^^^1 ?11ol:i(130) i^^oll^ (llO)^^-^El 1^1- 

^# 7im>JZ (120)ofl ^# «J-#^>n^ -i-^S]^ ^T]fl7> 

<37> A>7l ml^ Sllolol (140)^ ^>M- ojAVo] illolol (I40a)il- 

^141 ill ojol (140b) # ^?]-^l-Jl, o]^ ^llojol^^ ^^^o\7\T^ ols]*} 
^ ^112002-63327:5: (nl^^fl ^>Bfl oi ) ^ ^ 

-T-n^tl- o]^ ^^\^ ^SLim ^ 91^. 

<38> #^010. A>71 .Jj ^1-^-^ -i-^^ ^Tlfl^ S]=?1 1^^ 

^ ^^fll- ^^^^ ^^5fl # ^ o^^^ x^^l^o^ ^i^vo] ^ 

^ Bll^ £11 ojol 011^1^1- °-i^>Sl7l ufl^oll A17>T^ ^TJflo^ #7l-Xl7l^i:il 

<39> ^T^O\] TZ\^ ^^^i- fe-^ ^1-^1 ^ 

T^-S^ T1114H tllolo^ (140a) oil A-l ^^11^ ^^1 tt^l-^^^ -n-^^^1^ 

^ °]^^>^ ^1^ £11 (140b) # #5ll ^1311 ^7151 

njL, Till^ ^]]o]o] (140b) 7> ^71 7]^^ §^ -i-^^ ^ufl^ 
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<40> ^20]] ^X\% Till^ ^llolol ^^^^fl (140)011 «io|Al, ^1-^1 ^1^ ^^flojol (140a, 

140b) ^ i)-oic>|^oi -y-ei-^ ^^^o> ia^>s]:£^ ^l^o] ^ol yi-^^^> 

1=+ . ^^^1 ^1 ^ £11 o] f>1 ^ t^^^^l (140) oil HI ^Vo]- ^ ^ nil ^ £11 o] ol ^ 1^^ ^ 1711 
#^ST^> ?>^^^1 ^^1^. Sl'U ^1^ ^flol^H (140a) ^ 3711 # olAVo^^ 

^-T-, ^T]ll7> Till^ £l1o1o1 (140a) ^ ^# vfloll i^5la| ^Bfl 

°1 ^J5l1^> ^^^7} Ti^St^H fll^ £llolt>l (140a) ^ 2711 ^ o1^>^ ^ 

#*>^ ^ol u>^^^>n}. 
<4l> A>7l T1114H tllolol ^^1-^:11 (140)5 ^^^1-^ ^1^ S^llolol (140a)il- >g ^ i^fl^H 

eilojol (140b)^ ^^>i^. >y-7l ^^(IIO)SI ^:£7> ^T]11 

^ 7m -£-:£^ui- (100) 7> ^^># ^>^i ^1^ n^] 

o] (140a, 140b)l- o1^^ ^oH^ 3l^^ ^ol^l^ ia^>^o11^ #^1^^^ 

^TiW7\ ^;^11t>i:+. o1 Tifl 4>7l Tifl^ tflolol (i40b):iT:+^ ull^ £11 o1 (i40a) 

oil t| ^Bll7> fi-^^l^tq-. 

<42> A>7i ^^^i" ^>^i (100)^ ^^(110)^ ^^7\ 71S1- -£-:£iti- 

^-T-oll ^€ (IIO)-^^^E-I (120)^°1 7l1Xl*}ut. :^^^>3i^1°} 

, ^>7l vt\]^ £l1o1o| (140b) °1 Ti\]^ ^^}^ ^ ^^7\ ^B]\S] «J1°>oll 

^^11 ^11^-1^1^1 U^]"^, ^1^ ellolol (I40a)^ ^^\^ ^ 

7> ^ufl^ '^fl^^oii o^eil ^"^M ^^^ol ol^fH^l^ 21-^ oil >y-7l 
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ill ojol (140a) oil ^v]\3] 7]S}7\ , ^7] ^ ^ Till ^ t>1 

(140b) oil ^141 ^flolcH (140a) oil ^1 Sl-=1 ^T3fl7> S-A>slrq-. 

<43> ^7] ^^(110)011^1 i^i-^JSl^ o]^^> ^^llolo^ (140a) 

o>MSt oi^ei-^1 ^flolol (140a) oil ^^Sl^^^, ^A^A^ ^1 

^ elloloj (140a) oil Al^ ^T^fl^ ?lSl-7> ^Al U^^i^>^^^ -^^^^1^. #^ ^1^ ^ 

o] cH (140b) o\]M^ ^ T^fl ^ 7] S}7} 7] ^ ^\7] . a 'y^^ Till ^ £11 ol 

(140a) oil -n-^^Sl^ ^nfl^ 7l 5l- ^=0^:^.1:+^ ^^i^l ^^^1^ . ol^^ll 7] 3}% ^^fl^ 

^141 £llolol (140b) # #^1-0^ Al-«J-^^ a^>L>^o^, ^7] ?11ol (130) °1 

01-^ ^nfl^l 715} 71-^ ^^^^^^ ^^ch#^ 

(120) °1 ^ ^1-yj- 011^-1 -i-^slTzl-. 

<44> ^ nil SI 71 Si- ^ -g-^o] -^i^>SlT3, >y-7l Till^ ^^flolol ^^^^11(140) ufloll^ 7^1 13 

o11U-|^l^ ^>^7l- ia^^l^. 017UH, 71113 ^11-1^1^ ^1^ tllolol (140a, 140b) ^ 

3l^^ qiiAV i^nll^ ^^t>l^. ^. ^^fl^ ?1S1-71- -^1^^^ ^l^^^l^H^ 

^ol ^cHul-71 ^ (^^4i-^):ii^ 71113 ollui;^l7> #7mjl. ^^fl^ -g-^ol -^^^^ ^1 
^oIlAl^ ^^^ol 'Uo]^^7] ^im^S^^) ^113 ^ll-i^l^l- :a-riit>tl-. ZL 

7] Dll^ iflolol ^tl-^-ll (140) vflollX^^ 71113 ^IM^l^ M^M- 5ll:i^>t^^ ^%^ol ^^^3 

<45> ;c6^ ^^^\o] ^#^>3i^l^>. ^1-^1 ?^11olol (140a, 140b) °1 Till^ ^olf>l ^ 

^>^o11^ 03^^ oflnvol ^Aflt>i=+. ol^l ^>7l Till^ ^llolol ^^1-^11(140) Ml oil °- 

1^^^ 71113 oim^l^ ^"^^ eH^^>7l S-^fl^^^ M-^^+i^. o]o]] 

^iill7> 7m^ ^1^^^^ ^i3^^^El ^^fl7> -^^Hl^^^ ^%>ol ^371 JZ ^ 
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^^fl^ -n-^-^ (120) oll^-l D114^ tllojol ^tai-^^l (140)^ ^i^^^, c+Al 

^^^^l^H (110) ^1^. 

<46> -§-^ ^T]fl^ -n-^^ ^1^ tflolol (I40a)^ Till^ ^1] o] (140b) ^ 7.}^]] 

# i^c)11^H^> ^cHM-^ ol-i-^JZ. 1:+^ ol^^ ^1^ ^flolcH (140a) 
^ ^311 41 iflolol (140b) ^l-olo1lAl:£ -n-^^^i^. 

<47> ^^?]- nll^ 2^11 olo| ifloll^-]o^ i^Bfl -^^^ Dll^ ?^llolo|# ^-y^l-^ ^ol^l^ S 

n^A^ ufloiixi asiji ^# ^si^>^ Tiii^ ^>ofl:£ -g-^ ^tia^i -^^o] oi^j 

^^fl^ ^1S^^> ^f>1M-^ ^^(110)^ ^ ^>«J- "Ern^ 

^1 ^ Si^l ^1-^1 (100)^ ^i^^l^ ^ 3Xn 

<48> ^T]fl°1 71S1- ^ -g-^ ^Jf^Ol iZ}^OllX-1, ^Ufl^ ^^(llO)^^^tl ^ 

# «fl3J:o> ^^ch#^(i20)^ ^^*>^1 ^1^. ^siji ^Wch#^(i20)^ ^ 

(150)ofl o^sfl ^oMltfl^ ^-^^ «J#=1J1, ololl ^^(110)°] ^^y\ ^ 

-JiiollAH ^15)711 =lrq-. oi>y-^oi ^o.^ x^^^o^ -g-^oll ^tl- 

ul^^ ^^(iio)°i (120) °i ^:£7> ^^^^^ ^^^>^1 ^ Ttfl7?>^l 

<49> A>7l ?11ol^(130)^ ^ i^^7> ^^^^ ^^^^^ ^>^o11 oi^_ ^ ;^fl^^ 

<i€ (iio)^^-^ti <i# a^^^^ji i^Ai (120)011 ^# -g-oi^>:£^ 
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^ #5+^^^^ ol^ol^i^. y^^^Ml, , ^^^D]^, 

^ ^s^Higi ^l-M- oj^o^ t]-^oli^. no]:^ 

(130) 7> t]-^ T^ofl 10/M i^i]^ ^^o] ^>g5]o| ^^fl^«>^^ oj^oj^ 

^^o] oi^ ?fl 01^(130)°] %i=^>:£^ ^ol «>^^^>i^. 

^^o] ^^(110) ^«J-^^^ ^^fl si^S^l- :a.T:+ oj^fH^l^l ^Jl, ol^l ^ 

(130)^ 7l7ll^ ^A'^M ^ 3 ^^1^> 0.01mm 3.0mm 

<50> >y-7l tllolo^ ^^>^^1(140)# ^^^1-^ S^Hojoj (140a, 140b) ^ S-^ :£3 

ofl U>i)- ^o] S}o]o] (160a) ^ S}o]o] (160b) 7]- A\ ^ ^«1s1:£^ ^ 

T]11 41 (woven mesh)olrq-. 0^71^^, a| (160b) ^ ^11 ol a| (140a , 

140b) ^ M ^ol ^ ^IfH i3fl^l^ ^1^ ^olf>11- ^tf}T^ , ^o]a\ 

(160a) ^ ol ^ol (140b) ^ ^^«J-%^<^1^H ^fl^l^^ ^1^ ^o] '^ll- . 

<51> A>7l Sllolol (140a, 140b) ^ 1^1^^ ^^Hl ^^fl^l-^ ^ ^^>^ ^(a)^ ^i^> 

^^m^ ^>ol a^l^t}. ^^^1 #(a)^ Till^ tllolo^ (140a, 140b) ^ 7l 

<52> [^^>>^ 1] a = (1 - Nd) /N 
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^>^olrq-. o^l# NO] lOOoji^ ISLl^l^ ^ o] ofl I007fl°] ull^ ^ ^l-^> ^^fl*>^l ^ 

<54> A>7l Dll^ ellojol (140a, 140b)^ , #e]T>|. -^S^^-^ ^oflA^ 

^ illolal (140a, 140b) ^ ^>^1(100)^ ?11 o] ^ (130) °1 ^ ^>o11 4>-g- 

<55> ^^tl- W]-^ ^^ol , tllolo^ ^t]-^fl(140)^ ^^^4: ^ ^ill^H £11 

ojoj (140b) ^ 7]^^ ^^fl^l- ^^>^l- ^ Si^ #^1^^> ^^^1^^^. 
^^^1 ^llojol (140b) oil ^ :£4o11 B\S\ ^Vo] o] o| (160a) 

Vfojaj (I60b)7l- i:i^>S]T3AH ^571^ ^^>ol ^^fl^Ml ^^^i] o] ^^Vo] ^7] 

7> a-^>^ oi^ ^7ia->L> -^^(170)^ ^1^. 

<56> A>7l #7] a-AV-O ^ (170) 7lnl-^>^ t3^(A)^ ^1-71 ^^^2S} ^Vo] 7ll-L>^tq-. 



<57> 

A = (a + d)d - 

i^nM 2] 

<58> A>7l ^^^zm ^^^}^. #?l^^> -^^(170)°] 71^1-*]-^ ^l^^(N)7l- 

^>^^>J1 ^olo^o^ -^^ (d)ol 71^^^ #7>*>l^. 
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<59> A>7l i]]0]0] (140b) °1 ^7}o\]^ Ol^^l-^ ^-^S]^ # 47]\°] 

%y\ ^^>-^^ (170) 71- ^^fl*>:E^, ^^^fl^ ^1^ ^^1-^ (:£3°i 'o' 

^i-^)# 7i^^^ Ai-aj-^^ ol^ol^i^ (:£3^ si-#a %>^) . 

<eo> i^>^oil TCl-^ ^^^1 (100)71- ^^il Ttfl >y-7i Dll^ 

til oloj (140b) oil ^ :£5oll ^>ol ^7ia--A> °-^(l70)^ ^7l S^^^ #^11^1 

<>flA> ^3 Till oil o^f> <^flT^>(180) ol Si 711 ^1^. ^^^1 ''-^^^(ISO)^ :£6oll :£Xlsl y>5} 

^>ol TJ1141 S}olol(i60a, 160b) °1 jil^> ^^1 ^ S--^o11 ^ ^ ^ , goll <y^^l-^ ^ 

^> ^l^oll <^J1^>^ 05^^1^(190 %>^) . 

<6l> '^Jl^l (180) °1 tflolol (l40b)^ 311-5^-DlE-l § T1114H ^^1-^ ^(N) 

Dfl^ ^olol^ ^^(d)# ^^^Ml ^flol^l-T^ 71-^^1- Jl, S-^fl^^oll ^tl- ^ 
Tifl^l -^^^^1^1^ ^>1^. TC^E^Al ml^ tllolol (l40b)o1lAH^ ^ 

^ ^^1 -^^(170)1- #nii 7i>y- ^uii^ a->L>ol -^^^si7i:£ ^>^1^>. o!^^ 

'^im (180) oil o>7l^^ S-^fl^^cHl o^eil ^Jl^^ ^1311^ -n-^ol -^^^^71;^ tpr^- . 

o] ufl -^i^v^l^ -^:§- -^^^ ml^ SllolcH (140a) oil -^^^^^ Zl^^ 

<62> A>7l oflT^V^ (igO)-^ :£5o11 :£AlSl ul-^l- ^ol iifl ^1 ol (140b) LflollAl ^ 

1^1- ol-uls^ ^^l-^oil ^^11^1-^ T1114H s^llolol (140a) ofl ^^ll^>^ '^31^>^:£ 

°3^^1^(200 ^>^) . ^# ^Sl^>^ Tlll^ ^IIOM 7>o^ ofli^V 03^-^ Tlfl^ ^flOl 

o| (140b) il- Till^ n^A'A (140a)7>o11 711 ol^fH^i^. 

7l ^> 7^1 (100)^ ZJl-^oflA^, Till^ £llolc>| (140b)oll ^711 oil 
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^llojol (140a) oil ^^fl^l-^ oflmo^ o!^^ ^]]o]o] 

<e3> ^^^j-^^o], ^7] T]fl^ tflojol (i40a)H] ^ ^^(IIO)H] ^ ^>hJ- ^ 

ojal (140)^ ^ ^1^ tllolcH (I40a)^ ^'^^ ^T^fl^ ^^ol 

^1 o] ^t>1 ^1 13 , ^Jll 41 ^^11 ol o1 (140a) ^l-ol oil yfl ^1 ^ >g ^ Till ^ z]] o] o] 

(140b) 7> -g-^ ^nfl^ ^:^-^^o11 tflf> ^*5^>o1o>T?l f>i^. ol^-itP ^^^fl 

ol^^ Bll^ i]]o]o] (140a) ^ Till^ Sllolol (140b) oil ^^fl*>^ 

'5fl^>(180)°1 ^^(:£5°1 200 %>^) oil ^crfl 7l-^eil ^1^1-. ^7] {180) °^ 

o^^^ -^^Ul?1§^^^ , -§-^=1 ^afl^> ^^^^ 

<e4> ^>ol , -^^ Till^ tllolol (i40b)^ ^^1^^> -n-^ (170)1- ^il^^]"^^^ 

^1^ ^llol^H (140a) oil ^ISI^^ ^i^fl^l- (110):irt ^^7\ ^^^^ ^^^> 

711 ^^>^i- ^ ai:^^ ^11^^ 7l^# ^*3^>^ ^^1^1. ^^^1-^ ^1^ no]o] 

(140a) ^ -i-^^ ^Bll7> ^^^Ml ^ Si:£^ ^^11^ -^^oll i:ll*> 7>il^ 

^*5?>i^. o]oW ^>^1 (100) °1 ^^oll^l 1^(110) 

-g-^ ^TJflol ^^ol ^S-^Ml ol^oj^o^^^ ^>^1(100)^ S^ol ^tflSl-sl 

1^. ol-^&l , A>7l T1114H tllolo] (140b) ^ ?11ol^(130)# -^1-^1*1-^ "^^^ ^ 

m^S.^^ ^1--^! (100)^ ^iTll^ #1^^!^ ^^oil ^>^1 (100) 
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Xjoll ^0|M-0]: i\B.^, ^1^-^^ ^1^ ^OlcH^ ^Ol «m 

^^>c+. o] Ttfl, T1114H tllojol (i40b)^ ^l^l4^^7> o]-^ 357 iifl^ ^ojol^ ^^ol 

<66> ol2,^f> ^^<y:^>o^ , -^^71 TJ1141 S^flolol (140b)^Al ASTM A>of E-ll-95# 

ttl-^^ n11^# ^-T-, ^1^^^ 10 olA> 60 ol^>^ ^SlJl Till^ ^olol 

£] 0.19 ol^> 0.5 mm ol ^^?]-tl-. ol ^--l ^ -t" , ^1=tH S^ll ^1 1>| (140b) 

^°]5isii^. ^>^i°} ^ ^^^oi oHi ti-^si^i s^^^ 

<e7> A>7l Till-H Sllolo] (I40a)^ Till-H tllojol (140b)il- ^^^> 7l ^>*1-^ ^ 

^§ 7>^lTJl, ^#t> 1^1-^ ^^ol ^^^1 (100)^ ^^^11^1 ^^(110)^ 

^ ^^«o^ ^^^^MH '^Jl^^ ^^11^ ^m7> TZ\^^^ ^T3ll7> 7lSl-^ ^^^^^ 

opi^^ s^im^oii o^5ii '^Ji^i- ^^^11^ ^^oi oi^ 

ol^l^ ^ol y>^^e>i^. 
<68> A>7l ^>^1 (100) #^^1^P1 ^^ll^H^ ^1^> 

^ ^msi^ <?]l>y- ^T]iio^ ^# ^tflAiT^o^ oi§ ^^11 T]fl^^^ mi^ ^olol^l 

^^^Ml ^^^>f^. ^1^ ^flolol (140a) °1 S}o]o] ^^\^oW^ S-^^]^^% 

^il^^l-^ 'yii^i (180) 01 ^^iiei-T^^H:^ ^^1-^ ^^>^ 'yi^^oii o^efl ^11^-1 
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^]^^ ^s.^^ ^^^n^i- siiojoi (i40a)oii ^v^^is]^^ ^> 

<e9> olE,^*]- ^>o>^l- ttfl, Till-H ^llojol (140a) ASTM Aj-oj E-ll-95# 

^^3.^ Al-g-*> 80 ol-A> ol^>^ ^1^ 

ifoloj^ 0.03 ol-A> 0.13mm ol^>oi ^o^^ ^^t>i^. ^l"^! ^> ^ ^1 ^1 ^1 

<7o> i^^oii ^^^1 (100)^ ^7 vfl^i goii :£Ai^ B\s} ^o] , 

^1 (100)^ ^1 01^(130)^ :£10 ^ llofl Ul-i]- ^>ol >y-3l- ?flol^ (130a)i)- 

Tflo] (130b) ^ ^^s.^ SJji, :£i2ofl u>i)- ^o] ^> 

<7i> A>7l ?11 01^(130)^ a i^^l- n^^^^ ^^S^^ ^ 

^^fll- #^?> ^ ol^<>l^i^. ^l^;'! ^llol^i -g-^ . #^1-3^1- -g-^ . TIG 

-g-^, -g-^, H^llo]^ ^^1-, ^oi-^> sl-i^li-ilol^Iji^ ol^ 

<72> >y-7l i^Bfl^^ ^111^^. oll^^. o>>ll^. ^^S-MoK CFCT^l ^T3fl, HCFCT^l ^ 

<73> i^>T^ oil ^o]A\ ^ nil ^ £11 o] o1 (140a) ^ ^ ^ Till ^ o] f>| (140b) 1- o] -g-^> 

i]]o](>\ -^tJ- ^11 (140)1- ^^^>^ ^J^^ :£2oll :£Alsl o^ll- i:^ 01:^1- i^^Al 

^ ^ Sit+. :£i3 vfl;^l :£i5^ ole-i*} i^"??*! :s.o1$i^. 
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<74> ^2S^ ^13 1^7] 15# tflyl^l-O^ ^ ^7] i]]0]0] ^ta^^^l 

(140)# ^^?]-o11 Sif>1^H^ oi- tllojol (l40a)# ^3^^ ^ 

(:£13 . o^l^, 3] ^^-^^ ^ ^141 '^]]o]o] (140a) ^ ^ 

^^1- ^ Sii^(:£14 . ^1^, T1114H tllojol (I40a)l- ^3^-^} 

3] ^^51 v\]^ n^]^ (140a) ^ Sii^C^lS ^>^) . 

<75> ^^o\] SCio]M. ^111^ SllolcH (I40a)^ ^ ^^^ol ^^1-^ 7l#^ol= 

o^l^^H, ^^^^^1^ #S]T>|, ^S]^, ^Sl^l- (Si02) , :fhEllolt11^, 

^ o11^7>^^>^^^ ^il^>sl oltq- L^o>7K ^^^^11^ 

Tgl^ (Benson) ^oH^fl ^ d] ^ ^fl 6 , 056 , 044J:ofl 7i\A]^ ^\o]3.^7\^ 

(micromachining) ^J-^^ ofl crfl ^Il^>=} olut. 
<76> ^ o^l> 

<77> #^ol^ ^ ^^^ofl TCf^ ^1-^1^ ^^ol-^7l ^^>o^ 7\^, 

A^]^ ^ ^ol7> Zl-Zl- 165mm, 60mm ^ 2.25mm7> S]:^^ ^1-^1 («! ^#1 

o]^ f]-)§ ^il^>^>^Ct. ^jo]^^ :£10ofl ^A]^ ^o] -A>^ 9]]o]^3\ 

9]]o]^^ ^^ti}o^ ^^ei-^^D^, -L 7^^^ O.lmm^ ^^1" 

<78> A>7l ?11ol:i i^-^oil v]]^ ^^]o]o] ^^n]^ t^-^^o] gg%olA> 

ol-g-^l-o^ :£2o11 uj-S} ^Vo] ^^^>^i:^. ^ ^ Till ^ 
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olcH^^, S}o]o] ^^o] 0.225mm, tfl o] ^7?\]^ 0.41mm, ^ ^11^^^ 150] 

^^3.^ ^]^^\ Al-g-5]oiT^ 3S]j7 T]fl^ ^^flojol^^^ Vfojo^ ^^o] 0.11mm, i]] 

ojojo^ 0.22mm, ^ 100^1 ^S] ^]^^} M^^^^. 

<79> S. ^^oljA^ Al-§-^ ^^#1# ^il^^>7l ^nfl 1^1 9Wo]^S} Tflo]^ A> 

0]0\] Vi\]^ ^]]0]0] ^Jl :£10011 Ul-i)- ^Vo] TZfltl ^ 

igi?!- (DENKA) Apl- >ll^t> i5^o>3^7ll ol>g^ HARDLOC^ ) 1- M 

<80> rq-^ ^T]fl# ^^*>7l ^ ^^^H^ Al-g-*>o^ ^ 

^ ^o]^ 1.0 xlO-'^torr T?]-^] ^, ^Dflo] 0.23cc# #^^> 

<8l> ^Vo] 7^]]^^ ^l^^l^ ^]^tf}7] ^ti\o] 

>y-7i ^fl#27> 7i-;^i^ sj^H ^^?> ^ -^1 #^ 

^ ^^*>i^. ^^#2^ ZL ^^17> 1.13mmOlJi, ^3T]flo^ ^o] 2.0ccOl ^# ^ijV]^]- 

Jl^, ^^#1^ ^^tl- ^il^^l-^i^. 
<82> ^9} y^o] ^\o] Afl^i ^ 21- ^Ult> cq-g-. ^fl#l ^ ^^#2^ T^^l^ 

^ ^^1^71- Zl-ZV eOmmOlJl ^o]?]- 15mm ^ ^^?>7ll- ^^l^j-JZ a ^^^^fl ^Z>^ 
# ^>^>^>o|i:q- ^5^^ Afl^l ^ Afl^2°l el-^ ^ofl^ 7>^ ^ '<fl^7> Z>Z1- 31mmOl 
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55°ci- ^^1 ^^T^. oi^y-t], nii^ £ilolf>|ii- z]] 

o]o]^ ^tfl^M ^#t> ^^^1^ ^^"^ ^^o] 3:^1 ^# 

ol- ^ ol rJ- 

^ SiJZ, Dll^ no]o] ^ta^-^^i i^oH^H i5T]flo^ 7ls}^ a-^># §Al 

^^^1^ ^ SiJZ, ^^1 ili^^ ^]^o\]A^ 71S1- ^ ^ 

^ St3^# ^ ^S^B.^, ^^^1^ ^^ol ^T^S]-=}ut. nq- 
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[^^%^ 1] 

^1-^1^ ^]\o](>\ ^mn-m ami-^ ^# ^^^^ ^ 

tllolol^ ^^ol 0.19 ql^l O.SmmOl Till^H ^ojo^^ ^^S]jz Till 

^-^-71- 10ol>y- 60 oj^l-ol Tfil^o} ^# -^^^^ ^1-^ ^^"i" ^^^1. 
3] 

S^lloloi^ ^^o] 0.030] >y- 0.13mm ol^>ol ji^^ S\o]o]^ ^^S] 
^M-, ^1^^7> 80 ol-A> 4000] ^>ol ^3^1 ml -HO] ^# ^^^^ 
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A>7i v]]^ ^]]o]o]s} ^>7i vt\]^ no]o]^ ^^ 
^# ^^^^ ^1-^ ^i^^l. 

5] 

Tifl^ tflolol n'^M, 
ml ^ ol o1 , nil ^ £11 o] , nil ^ ol t>1 , ^ ^ ^11^ ^^]o]o] ^ 

131141 i\]o]o] Si^ ^1-^1^ ^^^^ n 

^i--^l . 
[^^%^ 6] 

^>7l T]fl41 no]o] ^^^n]^ ^^-^oflAl ^>:«.^ 

nil £11 ol ^ >g ^ ml ^ £11 ol , ml ^ £11 ol f>1 ^ >g ^ ml ^ £11 ol o| 

7] 

^ill%l-^l Si^H^H , 

^>7l ml-H £llolo1 ^^v^^lSl ^^-^oflAl ^>:^^ 
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^1 . 

Tiii^ i]]o]a[ ^^m^ ^}^^]M 

9] 

[^^%^ 10] 

[^^%> 11] 
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^^M^"^^ Si^ ^Ol ^lol:i°l o}^ T3# ^^^>^ ^# 

^^^1. 

[^^%> 12] 

tiiojo^ ^ tilojoi^ 

^1 . 

[^^%> 13] 
[^^%^ 14] 

^^^^ ^1-^ ^^^1. 

[^^%> 15] 
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[^^%> 16] 

^^^1 ^^fl^ oflEt^, oj-^fl^^ oi-n^qoK CFC711 i^Bfl, HCFC711 ^^nfl, 

17] 

^^1^1 ^1^ ^^llOlfH^^ i^l^^ 

^ ^^llolol S?]-^!-^ ^# ^^^^ ^^^1. 

[^^%> 18] 
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[^^%^ 19] 

^7] ^^^^^ ^S^Dl, ^el^, ^el?>(Si02), ^^Bilol^il^^ 

ofl^ 71-^^1-0^ 7^]]^^ ^^^^ ^1-^ ^^^1. 

[^^%> 20] 

^^1^ ^^^1 . 
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